The study characterized the status and trend of land cover transformation in Kirisia forest ecosystem between 1973 and 2015 using remote sensing and GIS. The dominant land cover types consisted of indigenous forest followed by shrub land and bush land. The findings showed a major increase in the built environment by 55.4% and an overall reduction in forest cover by 21.3%. Up to 83.9 km 2 of the original indigenous forest was lost between 1973 and 1986 due to severe fires. Thereafter, 23.7 km 2 of the remaining indigenous forest was lost between 1986 and 2000 mainly through charcoal burning, illegal timber logging and livestock forage harvesting. A slight recovery occurred between 2000 and 2015 with a 5% increase in indigenous forest cover mostly through natural succession by shrub land and bush land in the burnt forest areas especially following the 1998 El Nino period. The land cover change in the forest ecosystem was not exceptional in Kenya but mirrors similar changes that have been documented in other valued dry land watershed ecosystems in the country including the national water towers. The continued loss of forest cover is likely to affect the water recharge capacity in the watershed thereby creating severe water scarcity for the people in Mararal town as well as nearly 142,954 other individuals in the Kirisia region. Appropriate interventions are therefore needed to mitigate the negative land cover change in Kirisia forest and restore its hydrological functions and water recharge capacity.
Introduction
Forest ecosystems have historically played a key role in supporting the livelihoods of many communities especially in developing countries. In Africa for instance, the importance of forests is epitomized by most hunter-gather societies whose source of food and livelihood needs are largely obtained from animal and plant resources in forests [1] [2] . Rural and urban societies also depend directly or indirectly on forests due to their high reliance on natural resources [3] . Many communities in Africa still rely on forests for wild fruits, honey, construction materials, herbal medicines and household income [2] - [4] .
Kenya's forest ecosystems are considered as valued assets because of their resource provisioning and ecosystem services [5] - [7] . They also provide direct and indirect livelihood opportunities for society and contribute significantly towards economic development [6] - [9] . Traditional economic valuation of forests has however tended to concentrate on their consumptive benefits such as the extraction of timber products [6] - [8] . In return, this consideration has encouraged agricultural and logging activities instead of the more sustainable non-consumptive and indirect benefits thereby leading to widespread deforestation and huge losses of valued forest ecosystem services [10] [11] . Watershed ecosystem services (WES) represents one of the most important roles of forest ecosystems because such areas normally act as hydrologic powerhouses due to their ability to intercept rainfall and supply water to urban and rural communities. Consequently, the Government of Kenya has recognized the forest ecosystems in mountain areas as "Water Towers" whose management has recently been entrusted to the Kenya Water Towers Agency (KWTA) whose principal task is to oversee their management with a view of sustaining social-economic development in the country.
Despite the high value of forests in Kenya, these areas have continued to suffer from wanton destruction through unsustainable exploitation of their consumptive benefits thereby threatening their watershed ecosystem services in a very serious way [6] - [10] . It was estimated that between the 1970s and 2010 alone, deforestation in the country's prime water towers amounted to over 500 km 2 [12] . In Mt. Elgon, a 34% reduction in forest cover was recorded between 1995 and 2006 alone while the Cherangani Hills recorded a reduction in forest cover from 465 to 240 km 2 between 1973 and 2009 [13] . In the Mau escarpment which is a regional water tower in the country, because it supplies water upto Sudan and Egypt, the forest cover declined from 4695 km 2 to 4041 km 2 between 1985 and 2010 which translated to an annual decline of about 8.7% [13] [14] . However, in the Aberdares Ranges which was another important watershed, the forest cover had been relatively stable and was estimated at 2064 km 2 in 1985 with only a minor decline to 2061 km 2 in 2010 mostly through accidental fires [13] . The Aberdares forest is protected through a 400 km all-round electrified fence.
Land cover change in Kenya has also been recorded in a number of dry land water towers. For instance, in Mt. Marsabit, the forest cover was approximately 240 km 2 in 1985 and declined thereafter to about 132 km 2 in 2010 which was mostly attributed to the rapid expansion of Marsabit town [13] . A study by [15] in the area recorded a 32% reduction in forest cover between 1973 and 2005 due to increased sedentarization of pastoral communities around the forest leading to a huge increase (700%) in agricultural encroachment of the forest. Elsewhere, studies in the Taita hills within the Taita Taveta County have showed that although significant land use changes have taken place, the forest cover increased significantly from 270 km 2 to 414 km 2 between 1985 and 2010 as a result of agro forestry and introduction of forest plantations [13] [16] [17] . The Taita hills covering approximately 1000 km 2 constitute the northern section of the Eastern Arc Ecoregion and the only one in Kenya. The deforestation of critical watershed ecosystems has been established to cause significant changes in the magnitude and seasonality of water discharge in springs, streams and rivers [18] - [20] . Numerous studies have demonstrated that substantial changes in hydrological regimes can arise due to land cover changes especially the decline in forests due to their influence on rainfall interception, evapotranspiration, infiltration and surface runoff [21] . Rampant deforestation in Kenya's water towers has consequently been observed to cause massive reduction in water discharge in some valued springs, streams and rivers thereby creating serious water supply deficits for people, livestock and wildlife especially during the dry season [7] [13] . The consequences of this food security and local livelihoods are enormous, far-reaching, long-lasting and are likely to affect the realization of Vision 2030 as well as the global Sustainable Development Goals (SDGs) especially SDG-6 on water and sanitation which aims at ensuring availability and sustainable management of water and sanitation for all. It is therefore imperative that forest cover change is monitored on a regular basis especially within the country's treasured watersheds.
Kirisia Forest is a key dryland water tower in a region of water scarcity. The forest is the life-line for numer-ous households, thousands of livestock and a wide range of wildlife populations because Samburu County is largely semi-arid and water deficient. The forest ecosystem is therefore critical in the provision of valued watershed services. Unfortunately, the environmental integrity of the ecosystem has continued to be threatened by all manner of anthropogenic activities such as charcoal burning and illegal timber logging [22] - [25] . At the same time, Kirisia forest has not been adequately considered in the previous land cover change studies undertaken in Kenya and yet it is a critical lifeline ecosystem especially with regard to water supply for the Mararal town. The implementation of the Lamu Port-South Sudan-Ethiopia Transport (LAPPSET) corridor project is likely to attract more people to Mararal thereby leading to higher water demand. In this regard, an understanding of the land cover status and dynamics in Kirisia Forest is important since it has a direct impact on the hydrological capacity of the watershed and provision of water to the Mararal town and other settlements in Samburu County. Digital change detection techniques using multi-temporal satellite imagery has emerged as a reliable and cost effective method in the monitoring of spatio-temporal landcover dynamics in watershed ecosystems [26] - [28] . This approach is convenient because it exploits the regular data acquisition capacity of space technology through the use of satellites for the detection, mapping and quantification of land cover change. The aim of this study was to: 1) analyse and characterize the current status of land cover in the Kirisia forest ecosystem using remote sensing and geographic information system (GIS); 2) analyse recent land cover changes in the watershed; 3) compare the land cover change with other areas in Kenya. The two technical limitations experienced in the study included the use of an inconsistent temporal interval in the digital imagery time series with a focus on 1976, 1986, 2000 and 2015. This was due to the lack of cloudy free images in some years. Secondly, field data validation was only based on the most recent satellite image (2015) because it was not possible to go back in time and ground truth for the digital images in the previous years.
Study Area
Kirisia Forest also known as Leroghi is located in the northern section of Kenya within Samburu Central Sub-County of Samburu Country (Figure 1 ). The forest is situated within the Leroghi plateau and lies on the northern end of the Laikipia plateau in Northern Kenya [22] - [24] . It is one of the oldest state forest reserves in Kenya having been gazetted in 1933 [22] [29] . The forest, which is located at an altitude of 2000 -2200 m, was initially covering approximately 920 km 2 but has now reduced to less than 780 km 2 [22] - [24] [30]. The Leroghi region within which Kirisia forest is situated is largely semi-arid and dominated by ecological zones IV-VI with a mean annual rainfall of around 551 mm [22] [23] [29] . Due to its higher elevation and rainfall, the forest serves as an important water catchment area, with surface water from the forest emerging downstream in the form of springs and ephemeral streams and laggas [29] . The northern sections of the forest in areas such as Porror usually receive more rainfall at 575 mm compared to the central and southern regions around Mararal town and Baawa area which receive an average of 563 and 552 mm, respectively. The north eastern section of the forest can therefore be considered as the hydrological powerhouse for the forest ecosystem [12] .
[31] described the floral composition of Kirisia forest and indicated that it is characterized by diverse vegetation associations with four woody species dominating the top canopy, namely, Olea europaea spp africana (34%), Juniperus procera (25%), Podocarpus falcatus (26%) and Croton megalocarpus (15%). The species dominating the middle canopy are P. falcatus (12% -45%), Olea. europaea spp a fricana (21% -28%), Juniperus procera (20%), Teclea simplicifolia (13% -15%) and Croton megalocarpus (12%). According to [31] , the disturbed and rocky areas of the forest are characterized by small sized trees and shrubs such as Euclea divinorum, Carissa edulis, Rhus natalensis and Croton dichogamus. The forest supports a wide range of fauna including avian species [32] . According to [22] - [24] , the forest is endowed with diverse wildlife species such as the cape buffalo (Syncerus cafer), elephant (Loxondonta africana), common zebra (Equus burchelli), olive baboon (Papio anubis), common warthog (Phacochoerus aethiops), bush-buck (Tragelaphus scriptus), lion (Panthera leo), spotted hyena (Crocuta crocuta), Maasai giraffe (Giraffa camoleopardis tippelskirchi), eland (Taurotagus oryx) and giant forest hog (Hylochoerus meinertzhageni).
The main inhabitants of the Kirisia Forest are the Samburu people who are predominantly semi-nomadic pastoralists who are closely related to the Maasai. Most of the communities living adjacent to the forest are settled in 13 group ranches which were part of the 159 group ranches established in the Rift Valley region of Kenya under the Kenya Livestock Development Project of 1968-1980 [33] . These group ranches were also established in Kajiado, Narok, Laikipia, Baringo and West Pokot. A group ranch is a form of communal land tenure consisting of a common land title with shares allocated to the senior members of the beneficiary families. In addition to the group ranches, Kirisia forest is closely associated with Maralal town which is the administrative centre for Samburu County. The town is situated within the forest reserve and has a cosmopolitan population comprising of the Samburus and other ethnic communities including the Kikuyu, Meru, Somali and Turkana [34] . Most of the local people in the Kirisia region are pastoralists although mixed agriculture-livestock livelihood practices are common in the humid areas to the north such as Porror where wheat, maize and other crops are grown [23] [24]. Kirisia Forest is central to all the various communities in the area because it sustains their socio-economic aspirations by providing diverse goods and services including but not limited to dry season livestock grazing areas and watering sites, construction materials, honey, herbal medicine and wood-fuel among others [22] [24] [34] . The extraction of such goods is likely to significantly affect the land cover status of the forest thereby affecting the long term delivery of ecosystem services.
Methods
Remote sensing and GIS techniques were used to analyze and characterize land cover change in Kirisia Forest through various steps which included: 1) delineation of watershed ecosystem boundary; 2) satellite land cover change analysis and ground truthing; 3) comparative analysis with other land cover studies. The watershed boundary was delineated from medium resolution (30 × 30 m) Landsat images and ASTER Digital Elevation Model (DEM) using the ArcGIS 10.3 software. The 30m spatial resolution Landsat images were considered to be detailed enough for the purpose of land cover status and change analysis. The images were identified by overlaying the delineated watershed boundary in the Landsat image grid with subsequent selection of the images that covered the study area, namely P169R059, P168R059 and P168R060 as shown in Figure 2 .
Twelve Landsat images were acquired and then processed by mosaicking them into a single image for each of Figure 3 shows the GPS points for the 42 observation points in the four inspection transects.
The land cover inspections involved a drive-through along each of the four transects with observation stops at different points based on landscape and land-cover change. The elevation in each observation point was recorded using a Garmin GPS unit. In addition, rapid appraisal of the dominant land cover type was undertaken and the key woody plant species identified. The specimen of the species which could not be identified on site were clipped and preserved in a plant press and later identified at the herbarium in the School of Biological Sciences at University of Nairobi. The final image interpretation was undertaken using the ground truth information which entailed the downloading of the field GPS points, overlaying them on the satellite images and then undertaking preliminary image classification using ArcGIS 10.3. The polygons were digitized on the satellite images around the overlaid GPS points for areas with homogeneous spectral reflectance from which the land cover classes were generated. Once the classification around all the GPS points was completed, the classification was then extrapolated to the other parts of the watershed. Thereafter, the total area under each land cover type was calculated in square kilometers followed by land cover change detection for 1973, 1986, 2000 and 2015. All the analysis was done using the IDRISI land cover change modeler which also employs cross-tabulation to produce 
Results and Discussion
Land cover ground truth inspection in the northern section (transect 1) showed that the Lpartuk area was previously dominated by a dense Juniperus-Olea evergreen forest but this had now been converted into human settlements and farmlands. A large plantation of Eucalyptus globulus covering approximately 3 km 2 had also been established in Porror area. The forest section near the Samburu air flight radar was found to be relatively intact and dominated by Juniperus procera, Olea Africana, Olinis rocheatina, Clutia abyssinica, Trimeria grandifolia, and Rhus natalensis. Some remnants of the sandalwood (Osyris lanceolata) were also recorded in that section. In the Ngorika area, large sections of the forest were destroyed by wildfires in the 1980s and were yet to recover partly because the area had been encroached by illegal squatters. The riparian area along the Nachuda stream was dominated by Juniperus procera, Podocapus, Olea Africana and Vepris simpicifolia and was heavily utilized by elephants.
The southern section of the forest in the Baawa area (transect 2) was dominated by Croton megalocarpus, Acacia xanthopholea, Juniperus procera, Olea Africana, Vepris simplicifolia, Akakanthera schimperi and Euclea divinorum. This part of the forest was characterized by intensive use by the locals through domestic water abstraction, livestock grazing and the watering especially in the dry seasons. The area was also heavily used by elephants and other wildlife especially common zebra (Equus burchelli boehmi), Thompson gazelle (Gazella thomsonii) and impala (Aepyceros melampus).
The central sections of the forest especially to the east of Mararal town (transect 3) was the most degraded probably because of its close proximity to Mararal town. Most of the area had been converted from the previously dense evergreen forest to evergreen Euclea divinorum shrub. Most of the giant Olea africana trees had been chopped off to provide forage for the livestock especially in the dry season while the Juniperus procera had been logged for commercial house construction and household fencing posts. Active and widespread charcoal burning of Olea africana was recorded along the Lorok riparian zone which was also characterized by intensive livestock grazing. The Ngonyeki section of the forest to the north-east of Mararal town (transect 4) was found to be largely intact and dominated by Olea Africana, Juniperus procera, Croton megalocarpus, and Podocarpus sp trees as well as Rhus natalensis and Euclea divinorum shrubs. This part of the forest was also heavily utilized by elephants. Table 1 shows the land cover change statistics based on satellite imagery analyses for 1973, 1986, 2000 and 2015 whose land cover maps are shown in Figure 4 . Figure 5 shows the integrated land cover change pattern for the 1973-2015 period. The dominant land cover types during this 42-year period comprised natural or indigenous forest, followed by shrub land, bush land and built environment consisting of urban areas and other human settlements. The results showed a major increase in the built environment by about 55.4%, and a significant decrease in forest cover by 21.3%. Upto 83.9 km 2 of the original indigenous forest was lost between 1973 and 1986 due to severe fire in the 1980s. The forest fires are said to have occurred in 1984 and 1996 in protest following the eviction by the government of illegal squatters in the forest. Such severe fires are environmentally very destructive because they destroy mature trees which have taken many years to grow in a semi-arid area and also hamper forest regeneration by killing the saplings. They can also alter the composition of woody species with more fire tolerant species becoming more dominant.
Thereafter, 23.7 km 2 of the remaining indigenous forest was lost between 1986 and 2000 mainly through charcoal burning, illegal timber logging and livestock forage harvesting. A slight recovery occurred between 2000 and 2015 with a 5% increase in indigenous forest cover mostly through natural succession by shrub land and bush land in the burnt areas especially following the 1998 El Nino period. Between 1973 and 2015, Kirisia forest experienced a huge expansion in grassland, shrub land and bush land mostly due to the ecological impacts of the wildfires of 1984 and 1996 also coupled by the increased degradation of the forest as indicated by the reduction in natural forest cover. The prevalence of these land cover types is an indicator that human activities in the forest as well as climate change are gradually transforming the ecosystem in a negative way.
The findings showed the conversion of some sections of natural forest into Eucalyptus plantation in the Porror area. The ground truth information indicated that a similar plantation had been established in the Angata Nanyokie area in the 1940's. The satellite image analysis showed that the Porror Eucalyptus plantation expanded by approximately 1.7 km 2 between 1986 and 2000 and thereafter declined by 0.3 km 2 in 2015 due to intentional harvesting by KFS which was eventually resisted by the local people. Table 1 shows a massive build-up in human settlements within the watershed due to human population growth and urbanization in Maralal and other towns such as Kisima and Suguta Marmar which have attracted immigrants from other parts of Kenya. It was established that human population growth has significantly contributed towards the land cover change in Kirisia forest. Most of the communities in Samburu County are embracing sedentary lifestyles instead of nomadic pastoralism. This has seen most people constructing modern permanent houses which consume a lot of wood thereby decimating indigenous tree species especially Juniperus procera. The increased harvesting of subsistence and commercial timber as well as firewood gathering and illegal charcoal burning have also continued to degrade the forest ecosystem.
The findings in this study indicated a lower level of forest reduction at 21.3% compared to the estimates of [35] , who recorded a 46% reduction in the wider Samburu County for the 1976-2000 period, although his work was focussed on the Mathew Ranges and Ndotto forest. The reduction in Kirisia forest cover was almost similar to the decline in the Chyulu Hills where [12] estimated an 18.6% decline in natural forest mostly through the negative impact of frequent wildfires. The 1984 and 1996 fires in Kirisia forest caused massive damage to the ecosystem and the effects were still visible during this study. According to [36] , Africa leads the world in terms of the annual number of forest wildfires. In 2000 it was estimated that 1.75 million•km 2 of forest, woodlands, and grasslands which constituted about 5.8% of Sub-Saharan Africa was lost through such fires. Most of the fires were intentionally started in order to clear land for agricultural cultivation [36] .
In Kenya, up to 40% of all the wildfires which occurred between 1990 and 2010 were associated with arson, 20% to negligence and carelessness and 40% due to unknown causes [37] . Unintentional fires in the country are also associated with honey gatherers during the smoking of bees in forests. Apart from loss of biodiversity, forest fires have a significant negative hydrological impact because loss of forest cover reduces the natural recharge capacity and increases flood hazards, surface erosion and siltation of rivers and water bodies. Previous studies have confirmed that frequent forest fires can have significant impact on watershed hydrology. [37] reported a 66% reduction in infiltration rate within a pine forest area in Arizona which initially resulted in an 800% increase in stream flow from the burnt catchment immediately after the fire. This means that forest fires will tend to increase the risk of flood hazards during the wet season and exacerbate the problem of water scarcity in the dry season due to the low recharge capacity induced by the loss of forest cover.
The rate of forest cover loss in Kirisia Forest was much lower than the 32% decline recorded by [15] in Marsabit Forest between 1973 and 2005 during which upto 58.6 km 2 of forest was lost. Both Marsabit and Kirisia Forest are dryland water towers with very similar status in terms of their location within rapidly expanding urban centers which are both county headquarters. However, Marsabit forest is under more strict protection because of its designation as a national park under the Kenya Wildlife Service (KWS) and would therefore be expected to experience a lower rate of forest loss. The difference might be attributed to differences in the urban population growth in the two towns. While Mararal town has an estimated population of 20,000, the current population estimate for Marsabit town is about 30,000 people which translate to a much higher demand for a wide range of forest resources. The lower rate of forest loss in Kirisia Forest can also be attributed to the concerted efforts by the Kirisia Community Forest Association (KCFA) which provides a critical platform for participatory forest management (PFM) for the forest reserve although it is facing serious resistance by the people including local politicians. On the overall, it is evident that rural communities are negatively impacting forest ecosystems thereby jeopardizing their natural water supply which is more critical in comparison to other society needs. This pattern is common in many other parts of Kenya [38] - [43] .
Conclusions and Recommendations
The loss of forest cover in the Kirisia watershed ecosystem between 1973 and 2015 was enormous but quite similar to the challenging situation in other valued watershed ecosystems around the country including the national water towers. The 21.3% reduction in forest cover within the watershed is unfortunate because it will eventually affect the role of the watershed as a critical dryland water tower. The findings clearly showed that the watershed ecosystem was experiencing negative forest cover dynamics despite the efforts by government and remarkable grass root effort through the CFA to safeguard the forest. The main reason for the negative land cover change in the watershed ecosystem is lack of public awareness and appreciation of the need to maintain a good state of forest ecosystem health in order to continue enjoying the watershed ecosystem services. This fact is usually taken for granted until it is too late. With declining forest cover, the hydrological functions of the wa-tershed ecosystem will be impaired leading to increased water scarcity especially in Mararal town and its environs. Maralal town is currently rated as among the fastest growing in Kenya with a growth rate of about 7% per annum. The water demand in Mararal is likely to increase significantly as a result of the Lamu Port South Sudan Ethiopia Transport (LAPSSET) corridor project and the on-going tarmacking of the Rumuruti-Mararal Highway both of which will attract more investors into the town.
Although the major loss of forest cover in Kirisia Forest was attributed to the massive fires of 1980s and 1990s, substantial forest loss had continued to occur through illegal logging, charcoal burning, and harvesting of livestock fodder. Consequently, a combination of strategies is needed to halt or reduce further loss. These include the following:
• Initiating more meaningful collaboration between Samburu County Government and other key stakeholders especially the Kirisia Forest CFA, Kenya Forest Service (KFS), Kenya Wildlife Service (KWS), Kenya Water Towers Agency (KWTA) and Water Resources Management Authority (WRMA) for more effective conservation and restoration of the forest ecosystem. This effort should focus on creating awareness among various forest users on the linkage between forest cover change and water supply so that the stakeholders can appreciate and support forest conservation efforts in a more serious way.
• Controlling the increasing problem of illegal logging and charcoal burning in the forest by enforcing the Forest (Charcoal) Regulations (2009). The regulations are enacted by the government in order to enable the KFS to regulate the production, transportation and marketing of forest products and ensure sustainable use of forests. The strict enforcement of these regulations may reduce the rapid loss of valued species such as Olea africana in the forest.
• Regulating livestock grazing and harvesting of fodder in the forest by educating the local communities on the need to reduce their livestock herds. Effective and negotiated forest use guidelines for livestock grazing in the forest should also be put in place with a view of reducing livestock incursion into the forest including the disturbance of key water sources.
• Developing participatory fire prevention and control strategies especially for CFA members and educating neighboring communities (and honey harvesters) on the environmental hazards associated with forest fires.
• Supporting the implement the Kirisia Forest Management Plan which was developed in 2012 but has not been effectively actualized.
